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Owi.Mi  to  till-  fiiot  tlmt  tlic  j.'rfiitcr  irnrr  of  tlic  literature  <.f 
this  siibjc'c't  is  ill  the  (ierimui  liin>;im;re.  it  has  lieen  e<>ii>i<lere(l 
ailvisalile  to  jjive  tlie  t'ollowiiij;  boiiiewhat  (hitailed  accoiiiit  of  it. 
The  rhythinie  precipitates  formetl  hv  tlitTiisioii  of  rea^eiit.s 
ill  iielntine  or  other  nieilia,  now  jjenerallv  known  as  I.iese;ran<; 
iin<;s.  were  first  deserihetl  in  a  piililieation  which  is  not  ;;enerHll_v 
availalile*  (\).  The  |)recipitates  appear  to  have  lieeii  shown  to 
W.  ()>twal<l  liy  I.iesej^aiifj,  as  a  result  of  which  Ostwakl  puh- 
lisheil  a  slujrt  note  rejjaidinji  them  (2).  The  rin<;fft  "ined  pre- 
cipitates wi'ie  for  :ie(l  l>y  difTiisioii  of  >ilver  nitrate  from  a  drop 
placed  upon  a  gelatine  cnitaininj;  potassium  cliromate.  Ost- 
'  lered  li."t  "he  diffusion  outward  of  the  silver  nitrate 
ion  of  the  cliromate  resulted  in  the 
jmate.  which  was  present,  at  tiist.  as  a 
I  ill  the  meta-stalile  state.  Coiiseciuent 
ji  the  laliile  >tHte  a  precipitate  formed 
.  ■  cliromate  in  excess  of  saturation  and  the 
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silver  cliromate  continued  the  solutions  liecamt?  t;ontiniioiisly 
more  dilute,  so  that  the  precipitates  were  formed  at  continu- 
ously iireater  distances  apart. 

In  iini:{  .Morse  and  Pierce  (:ti  icirarded  the  precipitation  as 
certainly  due  to  a  super-saturation  effect.  They  produced  liy 
diffusion  riiiir  precipitates  oi'  mercurous  cliromate,  lead  clirom- 
ate, and  lierlin  hliie,  which  had  heeii  ohtained  previously  liy 
l.ieseiranjr.  and  also  riiij^  [irecipitates  of  lead  .-iilphate.  silver 


*  See  literrttiire  ivfereiice-  at  tlie  end  nf  this  jiaper. 
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i  ./.  SI-iiiHp'elil — Urtiitilol  Diftmiini  iiiiif 

i-iiilM.imtf.  HilviT  i>y  •>i.i(li.,.|.|iiitr,  silver  flii.icvuimi.  .  «il\fr 
lirumich',  coholt  livilroxiik-.  Imriiitii  rliioiimfi',  iiit'rciiii.ii«  Intiiii- 
i<lf.  Hiiil  t'Hrlxin  tli-oxiilc.  the  ljist-iiiiiiic<l  ii«  rin>r»  of  liiililili... 

Tliev  |K'rfonin.'(l  fX|H'ii  .  nt-  .if  u  (iiiuiititBtivi'  cliaiacfcr. 
i>i«iii^  cti|>illiirv  Hiln'»  roiitiiiiiiii;;  ii  \>»'iik  |ll>tl^^J.illlll  cliiuimitt' 
dilution  III  treliitiiii'.  wliicli  wt-r*'  <li|i|itil  into  A\\vv  nitiutf  m.Iu- 
fiiiiin  of  <litFi!n-iit  sfri'Hiitlis.  'I'lic  |ii('ci|(itat»'!*  a|>|K'iiiV(|  sml- 
(luiily  ii>  Imtitis  u('i-o>«  tliu  caitilliu  v  tiilK-s,  an<i  wiTt-  nlM-ivcti 
ntui  iiiohwiiiimI  l»y  mi-aiis  of  a  fatiietoiiu'tt-r,  x\w  tiiiif-  Itciii^ 
olisfivv'tl  Ht  tlie  forniatinii  of  tin-  |>rt'eiititntcs.  .\>.-iiiiiiii;f  that 
tin;  fliromatf   solution  isi  i'oii!|ilftely  (lis-ociutt-d.  tlii-y   |>i'ovi'.| 

niatlioinuticallv  timt  tiiu  for  all  tlit-  Invers  in  all  tiilu- 

ytiiiie 

wifli  tin;  saiiif  initial  (•onrentrations  is  constant.      I'lirv  pive 

tWL'iity-tlirt'i'  tallies  of  ol»;.frvf(l  Hj,'nres,  wliicrh  show  this  .on. 

staiicy,  within  the  limits  of  fxporiinental  error.     .\t  a  l.-uer 

temperature,  with  tlic  same  initiul  coneentrHtions.  the  (li>taiiee» 

appear  to  he  greater,  i.  e.  the  ditfiision  is  nmre  lajii.l  at  hi^jher 

teniperatures. 

In  H  saturated  solution,  for  e.jnililiriiini  A^','  X  CrO,"  =  X. 

In  an  iinsatiinited  solution,  f</.  o.iuililtriun.  Aj.','  X  ('i<>.'   =  /■. 

Aj;("r(>,.     Is  there  II  houndary  whieli   cannot     c  oveist  ppe.l 

ill  a  su|H.'r-sntiirated  s..lution  without  precipitation  foll.»winjj ». 

e.  ji.  :— 

Ajf,'  X  CrO;  =  11. 

Morse  and  fierce  found  that  for  a  jjiven  (•..ncentration  of  <»ne 
it_iii  a  certain  definite  concentration  of  the  other  causes  pre- 
cipitation.    They    .-alculated    that    when    precipitation    take> 

place  tlie  concent  rations  of  the  solutions  are  '    for  the  chnnn- 

ate  and    *     for  the  silver,     li.ith  M.liitions  must  be  fully  disso- 

ciated  at  these  dilution^.  They  calculated,  further,  that  II  is 
a  definite  super-saturation  limit,  which  is  1-4  X  1"""  ;xram 
ni.>leciiles  per  liter,  at  1<J°(,'.  Tliey  found  that  the  dilTusion 
is  (piicker  in  jjelatinc  than  in  water,  the  dilTusion  constant  cal- 
culated for  silver  nitrate  liein.;  l-i'4  cni>.  |iertlay.  that  ..li-erved 
hein<r  Iv")!.  (They  uIm.  >u,it'ieste.l  that  the  precipitate  i>  c.>l- 
l.iiflal.  hut  this  appear.-  nut  to  he  tic  case.) 

Small  finer  white  lines  are  mentioned  as  forniini.'  I.etweeii 
the  main  precij.itates,  whicii  hecme  red  and  tlieii  arc  ..Mit- 
erated  when  the  main  precipitate  forms  over  them.  TIk^c  are 
said  to  he  due  to  impinitie-.  and  are  n.it  formed  in  pure  u'eia- 
tine.  Tlify  found  that  j^elatine  i>  not  .■.<.-ential  to  rlie  f.irmatioii 
of  the  handu.l  precipitate-,  hut  t/ml  '■ii/>iliari/  tulxx  r,„it,il,i!iiii 
mill,  tills  fiiiliit'iorixijice  xinii/nr  n  ■sii/(.i,  and  tliat  the  precipitates 


/.•/.</'/«/ 


,t.ll, 
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liioik  ii|>.  >\\\  iil'ttT  uUiiit  I'iKir  ill  sciii  lmvt>  iM-t-ii  fornK-il, 
Wlitii  till"  I'Xjii'iiiiiiMit  JH  |K!rf.innfi|  in  ^'iliiiinc  tlicv  art-  luM 
ill  pliu'f  mill  ill)  iiiit  Itiviik  up. 

Ill  l!»t»4  lliiii^iiiiitiii  (  4)  cairii'ti  nut  <  \|H'iiiiiPiit»  with  caiiilian 
fiilK*  ('(iiiluitiiii^  y;fiafim'  'oiiition.  nt  .il\fi'  nirratf  •lippiii-j 
into  Milutiotis  of  MHliiiiii  clilitriilf,  «-ti'..  ami  ti)i<ii<l  that  the 
iifiulif*  to  wliii-h  tlie  |tivci|)itates  cxU'iiil  in  iiiiy  jriveri  tinu- 
(ItMriid  oil  the  (•oiici'ntnition  of  the  ^i'  <•;•  iiitiate  itiul  of  the 
"iKiiuiii  '•hloridc.  t'tc.ai^o.  I,iest'pin:f  h.nl  <!,iiiiir«l  tlmt  ei|uivii 
h-nt  weight*  of  ^oiliuni  i-liloiiilc,  r^u-oiitiiini  chloriilc,  potii«>iiiiii 
hi'i'iiiiile.  an<l  |>ota>sitiiii  ioiliilc  ditTu-c  to  I'.jiial  heii^ht^  in  i-i|iial 
tiiin".  Ilau^iiianii  fouml  tliat  tiiu  ilistaiict'»  varied  witli  the 
rea;:ent.».  with  tht'ic  eoneeiitnitioii«.  and  with  the  concent  ra- 
tion, of  tliu  ;je!atili-  .  In  -onie  of  tlie  leacti(>li.«  handed  pre- 
cipitatj'*  were  foniiid. 

Mention  is  niude  of  little  hrown  hands  lu'tween  the  muin 
one>  and  hUo  to  secondarv  rinjin  in  the  upper  part  of  the  tuhe, 
which  are  hmailer  thin  tiiose  in  tiie  lower  part  and  increase  i;i 
hreadtli  upward*.  With  incie  ise  <»f  p'latine  eoneeiitration  the 
hands  were  found  to  lie  IfMu^ht  eio.er  to^jether.  (('ur\e> 
;.'iveii  pp.  117.  lis,  loc.  cit.) 

The  precipitation  of  nietallie  siilnhides  isdi>cus>ed.  Certain 
compounds  are  formed  in  the  colloidal  state,  e.  j;.,  silver  iodide, 
mercuric  oxide,  ferric  hvdroxide.  copper  livdroxidt".  nnd  eop|H'r 
iVrrofvanide.  The  foilowin;;  siihstanccs  were  formed  in  non- 
handed  crvstalliiie  mecipitates:— liarium  siilpliate.  strontium 
Milphate.  calcium  sulphate,  Imriiim  oxalate,  silver  oxalate,  thal- 
lium chloride,  liromide  nnd  iodide.  In  certain  reactions  com- 
pounds separate  out  which  are  not  stahle  at  atniuspheric 
temperatures  under  normal  conditions,  e.  <r.  the  veliow  form 
of  mercuric  iodide,  which  is  >tal>ie  aliove  l:i<>'' ('..'and  certain 
tlmlliiim  salts. 

Attention  is  culled  ,  .le  results  ohtaitied  hv  Luiscn  on 
cooliiiif  a  salt  solution  whose  concentration  decreases  at  hi^rher 
temperatures.  IJe^riilar  laveis  are  formed  with  iiicre.isiiii,'  dis- 
tances lieiwcen  them,  and  liavinji  decrea^inj;  concentrations, 
upward  (.">». 

With  rejraid  to  the  lianded  precipitates  Ilaiismann  siiirifests 
that  the  compounds  are  present  in  the  colloidal  state  i>efore 
precipitation  which  only  ensues  upon  sU|iersaturation. 

liy  dilliisiiiir  dilTerent  chlorides  a;riiinst  a  constant  streiiiith 
of  silver  nitrate  he  showed  that  the  di>tance-  ditfused  were 
independent  of  the  metal  coiiihined  with  the  chlorine.  i|ei>end- 
iiiL'  only  on  the  silver  and  chlor-ioi.  ,  tin  ir  >pe(>ds  of  diffii>iori 
and  ciiiicentratioiis.  ,\>  the  con-  ntvafion  of  the  chloride 
dei-ieases  it   is  aide  to   penetrate  les>  and  les-  into  the  (.li<rlirlv 
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4  ./,   Sfili.xtt./i/        If-tiliil'it   If'ifumi,!,,   illlil 

if.. II  rliluiiil.- jMiiftiittf  I'liillur.  |Miliii|>-  Im'.-hiim-  li\(lr..\>l  i.>ii' 

HIT    prtMiit.     (mliiiiiiin    .-liluriilf    .lillii».; if    '\«\\\\    in   ii 

-trKiiu"'!'  -"lutinii.  iMP.-ildv  <liii'  to  ii»MM-irtli>>ii. 

Hv  <lilTM.iii;i  .lillir.nt  »i»lt^  ..I  mIv.-i-  int..  i.f|iitiiM'>  i-oiitiiin 

iiM'  'tlif  -iiiiu'   iiiiiiiiiL'    lilt",   ill  'li«'   '■"'"••  '■"' iitiittioii..  till- 

r.Mctioii.  wfif   tniiii.l   t.i  |)i I  <l  lit   llu'  «iiiin'  -|Mf.l   n-ranllt— 

nf  till-  n.iMl.iii.'.|  i..ii.  ^lM.\vih;r  tlmt  til.-  -iU.i-  ioii  i-  lltf  iin|M.it- 
iiiit  "111-  fill'  till'  ii'iutioii. 

S.>liiii..ii*  of  |Hi»ii»*iiim  ••liloiidf.  Iiioiiiiili 
.lilTiiM'ti  a;;iiiii-t  -ilvor  iiitiiitr.  tin-  .|i«li'iiri- 
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(  MluT  «'iisi>  J.  ivi'  i'i|iiiil 

iliMMii-ilaiit  ri.>iilt>. 

lliiiiMiiiiiiii   tliu-  piovtil  tlmt  the  riwtioii  ile|K'inU  only  on 

till-  ions  involvt'il  in  tin-  |>ri'c'ijiit«te.  ami  not  on  tlioM-  comltinnl 

witli  tlifiii,  hikI  tliut  till-  >|H;iMi  of  till-  ivaction  (li'|.i'inl«  on  tin- 

ion  wliii'h  ilitlncf"  into  the   ji-llv  uihI  not  on  thi-oiu!  which  i- 

|)ivf*i'iit   in   tho   jfll.v.     Ill-  alw>  fontinmMl  the  n-Milt  ot  Moi-e 

tlistanec    .  .       n         •   .    i 

anil  I'iiire  (see  imue  I)  that       „.  _,_      is  i-onstant.     Me  |.ointe.| 

•  y'  1 1 1 1 1  c 

nnt  tlmt  this  constitutes  the  tiist  non  electrie  nietho.l  of  ihter- 
niininjr  ilitTusion  veloeities. 

In  ll»u:»  l5eehhohl  (<;)  ealleil  attention  to  the  iniportniiee  ot 
ilivthniie  |>ieei|iit«tion  in  the  ilevelopiiieiit  of  liners  of  siliia, 
hoVn,  anil  eHleiiini  carlionate  in  s|ion;:e^.  the  (levelopinent  ot 
laveieil  ealeareons  -hells  in  the  jierfoiateil  Ki.ianiiiiifeia.  in 
u'a^te^ol»oll  un.l  lainellihiHiii-h  >hell>.  the  iluvelo|.nient  of  la.veis 
Til  the  hones  of  some  vertehrates.  ami  its  importanee  in  intiis- 
>nseeption  in  plants. 

lieehholil  a^'iees  with  ( Jstwahl  eoiicerninjr  the  ;-upei-satiiiii- 
tioii  iilea.  lie  useil  amnioniimi  Jiroiiiate  or  liiehioimite  in 
making  rinjr  preeipitatcs  ami  :o-  Miat  owinjr  to  the  fa<-t  that 
silver  cliromnte  is  slii,'litl.v  -olui...  iii  amnmnimn  salts  that  the 
liamU  arc  more  wiilely  >pace<l.  lie  mentioiieii  the  -troiijj  idi- 
tiwtive  forees  which  "are  set  up  in  iielatine  when  >ilvcr  nitrate 
is  aihleil  to  it.  ami  >iiirireste(l  that  these  fori'e>  niav  have  some- 
thin<j  ;..  ilo  with  the  formation  of  the  rinjrs.  Hut  thi.-  api>eai> 
not  to  he  the  ease  l(eeau>e  under  cro^iieil  nieols  there  is  not  a 
maximum  l>ri<:htne-s  between  the  han<l>^. 


Itliijlhiiiii-  l*)i  ••iftitiiti 


.•IS   iiikI    -dlni'    iilwuvn 
lllltM-lll'k     tilt'     lOllit. 

iwii   ililTiiM'*   iiitii  till' 


III'  I'iiiiim!  tliiit  "ii  ilitTiioiii!.'  iitiinioniiint  i-liixn  itr  into  ii  i>il\  tr 
xiliitiiiii  ill  ;;cliitiiii'  ho  iMrriiiitiit*-  I'miiii..  In  (III'  ilitTii-ioii  <•( 
'IImt  liilriitf  li\   illi-l'fii<ill);  till'  iilllllloliillltl  liitlMtr  lliicki'l'  '     >;(• 

,M'I«'   llllllliiH'll. 

Ill  l'.»'*t  l.if»i'i:iiii;r  (  7)  "ln'«f<l  tlmt  a  later  M-t  xt' riii;;i  iiiav 
III'  fitriint!  I'liftitiji  acrii>>  an  rarliiT  "I't.  aii|)arfiitl_v  witlmiil 
I'fini;  •li'-tiirlifii  m-  iiitliicrici'il   l>v  liic  rin;;<    alrrailv    |>rc<ciil. 

( '! Xitiiiiiiatiiin    slmW"    that    tlii'  i-iirliiT  (nrhiiMl  v\\\\i*   iii-f 

i'XIiimU'iI  ill  cniiili-liki'  fnriii!.  to  a   vi-rv   »iiiall   ili-iaiicr   l»v  tlic 

•( III!   iii-|Ni>itioii.       Iiiit    tlif   ••»o\viii;f"    action    ot    tlif    fir»t 

toi'ini'il  |irrci|iitati'-  i>  alnio.t  ii('^lii;ililc 

In  I'.'I'i  lliitxiii'k  I'Si  |<i'iHltii-ct|  liy  ilitTii'>ioii  in  ;;i-laliiir.  a;;ar' 
a;;ar  or  in  silicic  ai-i'i  \\\^  i|iitati->  of  (■aiciiini  oiiliiliatc.  ainl  rar- 
lioiiatc,  liariiiiii  rHrlHiniih',  .iiliihatu  aii<l  cliroinatt',  Iciiij  cliioriilf, 
iciiliiK',  lii-oiiiiilc,  (■liroiimtf,  tfrro-cxaniilf,  tVrri-cvaiiiilf.  «fron- 
liiini  I'arlioniitf.  Aiil|i|iatf,  |ilios|)|iat)',  oxaliitc  uimI  ffilii-otliioriili-, 
i-ii|i|H'r  |>lio<>|iliato.  i-tiiiitiiiiiii  ^ul|>lii'lt',  inaiipiiit'^o  tVri'o-rvaiiiilt', 
^ilvfr  liU'liroiiiatc.  aixl  •liicotliioritic-  of  '1111111  and  |iota»«iiiiii. 
Sonic  of  tln'xo  wvYi'  always  foriiirtl  in  ■, 
a«  iiiarrosco|>ic  crvstal^.  Arcoriliii;;  ti 
art-  aUvavs  tin-  -anif,  no  niufti'r  wliici 
ji'lly  contaiiiiii;;  the  otii.  ;•  ion. 

Witli  II  vifw  to  ffntinir  tlio  sii|M'r>atiinitiHii  tlii-orv  of  <^^t- 
walil  lu'  iiii|»rt'i;nutt'il  a  jolly  ^'-itli  li'iid  iodidi  and  |iota.>^iiiin 
iodide.  dilTii^iii;;  a  solution  of  lend  into  it.  Tlie  riiiirs  of  lead 
iodidf  wero  formed  jii>t  as  tlioii^rli  the  ini'diiiiii  were  not  sown 
witli  lei'd  iodide,  lie  Imld'*  tliat  >ii|>ei'-satiiration  cannot  l>e 
u-ed  a*  a  jreiieral  e.\|>laiiatioii  of  the  toiinatioii  of  |>rL'ei|»itate» 
iii  layers.  The  work  of  I, icsej.'aiitf  quoted  almve  woidd  a|>|>ear 
to  invalidate  this  coneliision. 

In  I'.tl4  l,ie.sejriui;r  <'••>  claimed  that  the  presence  of  a  >niall 
amount  of  a<'id  and  of  jiclrtfose  is  necessary  for  the  forination 
iif  the  riiij^s  in  jjelatine.  none  hein;;  formed  in  pnre  ;.'elafine. 
If  the  amount  of  acid  is  increased  the  rin<;s  do  not  a|>i>ear  r,< 
that  a  iletinite  aniomit  is  e.'.seiitial.  I'y  increasini;  the  anioiitit 
of  acid  present  the  ?ilver  cliromi:te.  which  is  solnlih  in  acid.  •- 
I'lialilcd  to  d'tTnsti  to  a  greater  di>tance  hefore  |:i'(  •|»itati4iti 
takes  place.  The  result  is  the  linnds  are  more  wi«.  .  spaced. 
■iiid  arc  thicker.  Finally,  hy  ;;reater  iiuM-ea^e  of  the  acid  the 
-iUi'i  chi'oinate  forms  as  a  <-ontiiinoii:^  ma^s.  Spiral  liamU  weri- 
piodiic'cd.  ami  an  examination  of  some  of  the  older  pnl>li>iie<l 
tiirnic*  reveals  tin-  fact  that  they  are  ^-pira!  ami  not  actually 
liini*  as  they  were  thoutrht  to  he.  Liesei^ani;  mentions  the 
pi(-eiicc  of  i-pirals  on  the  retina  in  some  l'ird>. 

When  tilt!  tirops  of  ^ilvel•  nitrate  from  which  the  ditTiision 
proceeds  are  not  circular,  cracks  appear,  ciittiiiir  the  hands,  and 
are   free  fioiii    precipitate.     Tlii-   -ho\v>   how  short  >pacc>  may 
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separate  tlie  ends  of  bands  without  the  formation  of  preeini- 
tate  by  ;>  sowing."  TJie  formation  of  the  rings  is  chie  t..  the 
prcKhiction  of  super-saturation  at  innumerai)le  individual 
Ijoints.  Ihns  the  spiral  form  does  not  aff.^'d  any  diffieultv  to 
the  super-saturation  hypothesis. 

Bradford  (Id)  has  reeently  investigated  the  effect  of  tiie  hv- 
products  of  the  reactions  resulting  in  the  formation  of  the  riii.' 
precipitates,  and  l>y  varying  the  concentration  of  the  hv-nr.r. 
diict  was  unable  to  affect  their  formation  in  any  wav  '  Hat- 
schek  had  shown  that  the  particles  formed  in  the  rhv 
precipitates  are  larger  than  those  obtainable  in  aqueous  sohr 
tions.  Bradford  suggests  that  this  i)henonienoii  is  due  t,. 
a(  sorption  l)y  the  precipitate  of  substance  dissolved  in  the  -'cl 
which  merely  serves  to  retain  the  precipitate  in  i)lace 

Jiradford  fimls  that  the  distances  between  the  lavers  formed 
are  roughly  inversely  proportional  to  the  molar  stren^'th  of  the 
reagent  in  the  gel.  and  not  to  that  of  the  diffusing  rea.'cnt 

In  a  more  recent  i>^per  (11)  the  same  author  has  developed 

he  Idea  of  adsorption   in  connection    with   the  formation  of 

bande<l    precipitates.     It    might   be   Miggcst.Ml   that  the  term 

pseiKlo-stratitication  would  be  preferable  to  stratification  as  u-cd 

by  him. 

ReOii<h>l  Jjl fusion  <itnl  lihythmh-  l'rtcii>it(i(ion. 

liv   reason    of  its  application    to    geologv    the   subiect   of 
rbythmic  precipitation  has  assumeil  an  importance  to  geolo-i^fs 
whicii  cannot  be  neglectcl.     In  connection  with  an  inve^t"i.ni- 
tion  of  Kozoon  the  writer  had  occasion  to  consider  thequesti".n 
ut  the  causx's  governing  the  formation  of  rhvthmic  precipitates 
A  series  of  experiments  has  been  made  in  order  to  afford  a 
basis  tor  a  comparison  with  banded  structures  in  rock<      The 
experiments   were  carried  out  usinir   diffusion   from    a   drop 
place.!  upon  a  gelatine  layer  on  a  glass  plate,  as  dcscribe.I  bv 
l.iesegang.      The  gelatine  was  prepared  according  to  his  .lircc- 
tions  l.y  preparatory  washing  in  several  portions  of  distilled 
water,  to  remove  some  but  not  all  of  the  impurities,  then  di- 
soivmg  in  distilled  water,  a  convenient  concentration  for  u«e  at 
a  room  temperature  of  li^°  C.  beiuir  1  ur.  of  gelatine  in  :>..-.  c  c 
wafer.     Ihe  solution  was  used  after  standinir  one  or  two  davs 
reheating  the  jellied  mass  to  bring  it  to  the'li.,ni.l  state  a-ain" 
care  being  taken  b..th  in  the  solution  and  re-solution  of  tlu" 
gelatine  to  avoid  overheating.     Care  was   taken    to   keep  the 
relative  jrelatine  concentrations  the  same  in  aiiv  set  of  experi- 
ments.   This  was  done  by  addiiiir  1  c.c.  of  a  solution  ten  tim'-.  as 
strong  as  the  one  to  be  investigated  to!>c.c.of  the  .--elatine  ^olu- 
tion.      I  hus  a  gelatine  solntiun  of  known  streiiiith  was  obtained 
containing  any  desired  concentration  of  the  rea-rent  to  be  exam- 
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iiiod.  Tliis  was  poiiri'il  out  «>n  to  several  jiliiss  plates  and  allowed 
to  set,  after  wliieli  drops  of  the  second  reagent,  of  ditTerent 
stieiigtlis,  were  placed  upon  tliein.  These  solutions  jrradimll.v 
ditTust-fl  thro\ij,'li  tiie  jrelatine  and  precipitates  were  formed, 
sometimes  continuously,  sometimes  in  separated  bands.  (See 
tigs.  1,  -2.  aiul  ;j.)  . 

It  is  found  that  with  different  concentrations  of  the  dittns- 
inu'  reagent  (the  one  in  the  drop)  against  a  constant  concentra- 
tion of  the  reagent  in  the  gelatine  the  diffusion  goes  at 
different  rates,  the  stronger  solutions  diffusing  more  <iuiel<ly 
and  to  greater  distances  than  the  weaker.  Again,  by  keeping 
the  diffusing  reageut  constant  ami  varying  the  coneentratjoii 
of  tlie  opposing  reagent  the  diffusion  is  retarded  by  increasing 
the  opposing  concentration,  and  also  the  total  distance  of  dif- 
fusion is  decreased.  When  the  molecular  concentrations  of 
the  solutions  approach  closely  there  is  a  definite  limit  to  the 
distance  to  which  the  stronger  solution  is  able  to  diffuse.  In 
manv  of  the  experiments  the  gelatine  dried  before  the  limit 
was  reached,  if  any  exists,  with  the  solutions  of  mt)re  unecpial 
concentrations,  but  with  the  solutions  mentioned  above  the 
limit  was  clear,  and  was  reached,  in  many  cases,  within  a  few 
hours. 

The  following  tai)les  for  different  experiments,  showing  the 
distances  to  which  diffusion  has  taken  place  with  different 
>trenirths  of  the  reacting  solutions,  illustrates  the  point.  The 
tiirures  enclosed  in  a  double  line  are  for  experiments  using  one 
batch  of  gelatine  and  are  comparable  with  each  other,  but  not 
strictly  comparable  with  those  within  another  double  line.  l)y 
leasoii  of  possible  differences  in  the  preparation  of  the  gela- 
tine. 

The  experiments  which  yielded  clearly  separated  bands  ot 
precipitate  are  indicated  by  a  small  ring  within  the  scpiares 
helonging  to  them.  It  is  seen  that  the  production  of  the  bands 
in  gelatine  takes  place  best  when  a  strong  silver  solution  <lif- 
fiises  airainst  a  weak  chromate  solution.  In  those  cases  which 
did  nofshow  clearly  separated  bands,  the  precipitate  appeared 
to  be  continuous,  but  e\amination  with  the  hand  lens  or  some- 
times with  thf  microscope  showed  that  the  bands  were  present, 
but  that  tiiey  were  more  clos>'!>  spaced,  so  as  t'.  appear  con- 
tinuous. Some  cases  are  ch  arly  banded,  fo  the  naked  eye,  but 
with  the  stronger  solutio.is  tiiis  tine  banding  of  the  apparently 
nniforni  ,~ilver  chromaic  can  only  be  seen  under  the  miero- 
seope. 

When  clearly  separated  bands  are  formed,  onr  exi)eriments 
have  sometimes  sliown  these  passing  into  fragmentary  bantled 
layers  toward  the  outside.  In  some  cases  this  may  be  (juite 
extensive.  eorres|»onding  t»  tin  '>r  niori' l)aii(ls.     In  other  cases, 
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this  is  followed,  on  the  outside,  hy  an  area  iti  whicii  the  pre- 
eii>itate  occurs  as  u  "outiiiuous  iioii-l»anded  area  coiitaiisiuj;  the 
l»recipitate  i  >  small  <;ranules. 

I'l  otlio.  K  (if  tlie  trajrnientatiou  is  not  >o  prouiineiit  and 
the  :on-baudcc!  area  of  "disseminated  "  pn'eipitate  is  followed 
outward  l>y  "  secondary  "  Imnds  of  precipitate,  whicii  differ 
from  the  "primary"  ones  within,  in  that  they  are  evenly 
spaced  aud  not  farther  ajjart.  with  jireater  distance  from  the 
center,  and  in  heiu'r  made  up  of  lar<re,  irregularly  shaped 
•grains  of  silver  ciiroinate,  sometimes  separate  from  each  other, 
Tvliereas  the  "primary"  hands  are  continuous  and  consist  of 
exceeilinjriv  minute  s.'ranules  of  silver  chromate.  (Seefij^.l.) 
There  is  always  a  clear  "  halo"  outside  the  circle  of  diffusion 
whicii  ajipcarsto  he  free  from  i)recipitate,  Ijut  under  tiie  njicro- 
scope  is  seen  to  contain  minute  •trains  of  silver  chromate.  In 
some  cases  '•  sul)sidiary "  l)an<ls  have  been  noticed  in  this 
"  halo."  They  correspond  to  the  very  tine  lines  noticed  hy  the 
earlier  workers  and  ascribed,  l.y  them,  to  the  presence  of 
imjMirifies  in  the  gelatine. 

A  set  of  ex))eriments  was  made  with  silver  nitrate  in  the 
iielatine  and  imtassium  chrohiate  as  the  *'  dominant "  reagent 
in  the  central  drop,  having  the  higher  molecular  concentration. 
The  results  in  tliis  case  were  remarkably  interesting.  The  fol- 
lowing table  gives  thescheme  of  concentrations  used.  Number^ 
2t!  to  :5(i  sliowed  only  isolated  spots  or  granules  formed  here 
and  there  in  the  gelatine  as  the  chromate  diffused  outward. 
Numbers  21  to  25  showed  the  beginning  of  a  very  indetinitc 
arrangement  of  the  spots  in  bands.  Numbers  U)  to  20  showed 
an  inner  set  of  apparently  continvunis  bands  con^isting  of  large 
irranules  of  silver  chromate  followed  by  a  space  with  the  pre- 
cipitate as  isolated  granules,  and  outside  this  again  tlie  arrange- 
ment in  bands  as  in  21  to  2.'>,  but  more  clearly  siiown.  (See  .ig. 
4.)  The  inner  bands  are  less  well  shown  the  stronger  the  chro- 
mate solution.     The  outer  bands  often  show  discontinnity  and 


Table  (p.  8)  sliDwing  distiu.cen  diffused  in  i\  mdiftl  diit-otion,  menaiired  in 
leiitiineters.  The  head  of  the  <i>hiiiiii  HhoWH  the  strength  of  the  silver  nitrate 
Holiuion  diffiisinji  and  the  strength  of  the  i)otassinin  fhiomate  sohition  in 
tile  gelatine  is  indicated  at  the  extreme  right.  I'pper  left  part  of  table- 
distances  diffused  after  6  hrs.  15  mins.  Upper  right,  after  ti  brs.  Lower 
left,  after  1  lir.  -"iO  mins.     Lower  right,  after  2  hrs. 

The  results  which  show  discrejiaiicies  are  indicated  b.v  parentheses.  These 
are  line  to  inaccuracies  in  measurement.  Those  which  rectir  in  the 
same  positions  in  both  parts  of  the  table  are  due  to  incorrect  nieasureineiit 
of  the  size  of  the  original  droji.  the  others  to  inaccniacies  in  those  individual 
measurements.  The  figures  on  the  right  side  of  the  table  are  comparable 
with  each  other,  and  those  on  the  left  side  with  each  other,  but  as  they  were 
obtiiiiied  from  experiments  using  two  separat'l.v  luvpared  batidies  of  gela- 
tine, the  figures  on  the  left  are  not  comparable  with  those  on  the  right, 
except  in  a  general  way. 
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KiCiO, 


:{.\ 


N       N /i     N  10    X  20 


X,  10 


A -NO 


NV20  4  5           «           ; 

X  40  N  9         10         II 

N,W>  IS  Ki         14         1.-, 

N  I0('  10  17  ,,s  m         ,0 

-N'  -'(K)  21  n  33  04         o- 

-\'  400  2.i  o;  .,„  .^,y           ,^^ 


The  streiifith  of  tlie  i«itiissiuiii  chroiiiafH  in  n,.,  i,.       • 
Kn>  n  by  tl.e  1,,-a.lint;  of  (he  .olunni  in  wll    ,.  '1'  '"  '."l-''  '-■M'-'inieMt  is 

<.f  til-  silver  intrateTu  the  ..elVt  li  ,  ""V'"''  ^""'''  "'*•  '^•'•'"Ktli 

the  ease  of  nun.l.er  K!      an7a      .'aln    f  1"'"  '"  "'•^  •••«'-"»•  left.  th„.  i„ 
co,..ai,n,„  an  eightieth  norll^oirr^f'snV::;';:!,;';!:"''^''  '"^^  «  ^''l'""- 

'■■<  seen  t<>  liave  liands  on  tlie  snrfac.'  •!<  uJH.  fi,^  f 

-ointion.  Hte.I  al.uve.  ""'f-''^-'-  «ifli  the  stronj^er  >,lver 

Tl.eexpenn.entswitl,ti,eweal<estH-lve.s..l,„ions('^'),.l,.,„. 
tliat  han.ls  are  not   prodneed  unless  i  ,...,■>.,;,.  Vl""/_ 

i;:vsent.  From  tl.is'it  „,av  1  •  an^u  ..f  Im  ;'.r''''r'''''''  '^ 
tl.otwo.et.  of  l.an.lsjn  \MM,d'e.;  1  to  •>.  'V^  T""'" 
ouneentratioM  of  .ilver  ion^  to  •illo«-  ..f  H     V  •"•^"'Hii-K'nt 

asaresnltuftlu.ro.nova   oflh        ,„V        ''^ 

t!....ndsa.are.dtofditf..;io,:^:ix::l;;;:';;:;srx;i:e 


Ii/ii/t/i in ir  J'li rijiltitllii, . 


II 


plHceuf  tli<i.*i'  |)i('cipitati'«l.  Tin-  ivMilt  is  ..(micwlmt  aiial,.ir..iis 
ti>  fho  tliimiiiii.'  "f  a  A\vv\  ..f  nil.lii'r  l._v  >tret.'liiiiir.  Witirtlic 
(iiffiisii.il  of  the  fliruiiiat-ii.ns  farriicr  .ii'it>var.l.  Iiuwovit.  a  siifti- 
fifiir  fdiicentratinii  of  silvt-r  ioii>  to  allow  of  tlic  forinatioii  of 
liaiuls  will  a>,'aiii  l.i'  met  with  and  tin-  "  secoiHlarv  "  Land-  will 
result. 

A  similar  ex|.laiiHtiori  woiihl  a|.|.Iv  to  the  iinl.aiKJed  laver  in 
reHilt>  cited  ahove  with  diffiiMon  of  silver  ayaiiist  a  weaker 
soiiitiuii  (d'  ehi-omate.     (See  ti-s.  I  and  -J.i     It  i«  possilile.  how- 

Kiii.   I. 


Vu..  1.  x;).  IliH  nmilt  ,,f  .litrn>i..ii  ,,[  (;\  .jiv,!-  iritr.it^  int..  ,i  .-..1; 
<-t>MtaiimiK  N  -.'(Ml  pniiisMdiM  .I,,-,,,,,,,!.-.  Til..  .ln.„  j.  MiiiniMi.1.,1  livli.i 
••t  aiiinilfiitly  .•onliiinniw  |i|V(i;,iiiit.-.  vvliidi  iiniijllv  shows  Hue-  haii.b  ,■ 
s.Mtaoe.      Tins  passes  i.iitwaiils  iiilu  tli.-  zni,.-  in  \vlii,-li  tlic  l)aii(is  arr  i-i. 

s.l.a.,;t...l,  aiil   be, i,i..i.-   «i,l..lv   s|m,-,.,l.     ()i,isi,l,.   this  z.me   is,, 

l.niKled  zi.iif  nf  >;raiMilai-  piv.-ipitaie,  l,evoiiil  this  a  z.ni,-  ,,f  -raiiiilar  piv 
late  aiTaii.„'e,l   i„  evenly  spa.e.l    1,mii,1s.      This  is  tolluwe.l  l,v  a  ,-ieai-  "ha 
It   is  i)n)l.al,le   that  ihe  iMilas-Jnin  ehicmaf.-  iii.v  not  If.ve  lieeii  tli 
mixed  with  the  nelaliiie  s,,  as  i.,  -.v..  uiiit(>i:ii  ecm,liii,,ii-.       \t 
iioii-liaiKleil  zniie  is   ,i-,,sse,l   iiy  a  naiT.nv  strip  ut  l.uids 

(I.le  tn  the  pi-esellee  of  a   -tleak  of  -elatille  rehei   in  pntassi,.,,,  ehluniate  t 

tlie  lest.       the  nn.Mpial  .xteiisions  in  a  radial  cliieetiuii  <,f  the  iniier  1 
■<one  may  lie  exjilained  in  a  similar  niamiei. 


This 


irnllij 

•lie  point 
;.|..ill.t 


title 

ana 

I    its 

ally 

iiin- 
•i|.i- 

In." 

;hlv 

the 
less 

hail 
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fv.T.  that  this  fxplanati..ri  i.  tn„  .si,,,,,!,.,  i,,,,!   tl>ar  tli..  I,v<lii,.n« 

|>iv>rnt  iiiii.v  liiivf  tc.  !.(•  taki'ii  iiitd  m unt 

Aimtl..T.,,uMi..n  >l,unl.l  1...  .liMMKMMl  at  tlii,  ,„,i„t.      I,,  all  tl,.- 
.1111.1.  HiHJ  III  the  nun-lmii.l..,i  lav.T  in  tin- .•MH-ninrnt,  witli  ,lif- 

tiisi.M,  ...itwanl  ..I    .•liiuniatu.  aii.l  in   tlu 'ti-r  l.an.l..  an.l   tlir 

irrannlar  n..ii.l.an.li..|  aiva  in  >„.•  n,,,.  ..(  Miitwanl  .litruM.-i.  .,f 


l'i>..  ■.'. 


I'lii.  ■,.     x5       A  |h,ilinii  ,,r  til.- same  (K-    1  i  .■iiI.ii-.mI  i,,  >|i,,«-tlie  .■ll■.l■l,•t..r 
..t  tlin  i,m-ii>it;.t.- iii  tli.-  ••  ;^iaM.i;ai--   zuiit-"  »iiie.li,,i,i.  t.  1 

silvcT   the     .vd|,itafc >ist.  of  lai-v  i^nlato.l  -rannk^  >„in.- 

M.-I|.narlu.,l  ha.nN,  |,r.,|,ahly  as  a  ivs.ilt  „f  a,-.-,' .fiun  nf  s.-veral 
^.;am,h.s.  iN'ofiivs.  I  ami  -  ,  |!„t  i„  ,1,^.  ••  primarv  "  l.an.K 
-t  tin.  „M  uarcl  mIvct  .lillns,..,,  th,.  |.n.,-i|.itatc.  is  nm,!,.  „,,  nf 
.•-X.-oi..|.n-lv  nnmcn.ns  and  vorv  small  iiTannlos.     I,,  wat.-hin- 


lilojil,, 


:t,ii; 


lif- 
li.- 


the  i|(>\'(-|i>|)liii'iir  lit'  iiiic  ot'  tlii-c  liiilhU  lllnlci-  tlif  liiiiTii-ci>|ic 
it  \Vit«  M'Cll  tliiit  tlic  vciv  llllliii'liMi-  -III. ill  ulillinio  wi  ii'  (jiVfl- 
opctl  ii|.|>iiroiirlv  iiiili'|HMi<l«-iirl\  ol  fiich  utticr.  'I'lic  1>mii  I  i:it'w 
i|nitf  >|n\vly.  iiciiiL'  I'Vtfiiiltil  liitciallv.  .\~  it  iit'\clu|nM|  i, 
••t'litriil    |>iiil     Atfiiilcd   it-rlf  ill   iiilviiiicc  i.f  the  t\M>  -i<l(-.  iiml 


Im. 


tlii'si;  foliowt'd.  Miiin'tiiiK's  iiKii     .|ii-,vly,  M>iiii'tiiiH'>  iimrc  rispidly 
mi  till'  cciitriil   |(art.      A^'ain.  a  little  iii>taiH-L-  away   rnmi   tlic 
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MURl  cl.MHl  of  irr„„„k.s.  Un  alonj.  tl.e  line  of  the  ImniJ.  nnotl.er 
elo„,i  ..Hv  a,,,K.ar.  uu,vv  tInVklv  ctowcKmI  with  ura.nil  -.  in  h  • 
c-en  ra  Im.u  of  tl.e  mn.l.  Tl.is  woul.l  ,ic.velo,^  a>  l.^fon',  . 
1  oth  .iMect.o,,..  finally  .K.itii.ir  witi,  the  otlu-r  a<Iv„„cin.r  ,  ar 
ll.c-  ,.n.c;.,„tae  on  .ac-h  .i.|e  of  tlu-  central  part  jjraTl.'.allv 
lliii^,  wliilu  the  resnlt  is  a  ^wies  ot  l.an.ls  of  pre- 


Tlie 
thickened. 


Km.  4. 


<a.,.«.     Both  th?inm.r      ,  1       7     "'  "I'I'OHUe  suU-^  .,f  the  channels,  in  sun.' 
untwanK  -mter  sets  „t  b«n,l»  hecome  .nore  wi.lely  space-l 

cipitate,  of  appai-entiy  striki].:r  rei;  'laritv.   vet  each    <enarii 

;;:h';  i:"ii:r'ji''^'^;r'"i-'  "v'-p-i^i-tiv  of  thrrLin;;! 

ai-e  al 


Jill ijt/i mil-  I'liilplliitliDi. 


i:. 


w  iicli  tliero  may  !.*•  a  ln-n.liii;.'  ..f  tl.e  IhukN.  rSet-  fi-r  :{ ) 
llit'-e  aio  (^oll^.tlt•^^^  .hit-  to  iiTfjfiiliiritii's  of  tlio  .liffii^ioir  anil 
■i'rliii|».  Ill  |)art,  to  im'j,'iilui-  <listriliiitit*n  of  certain  iinpiiritif. 
or  .listiirhiiijr  fat-tors.  Tlie  .luit.^  IdsiuL-lv  (K-position  of  tlie 
very  hne  silver  elironiate  j.'raiiiiles  sii:fge>ts  that  each  one  i. 
torined  almost  indepeiulently  and  kej.t  indei.eiident,  at  lea^t 
tor  some  time,  l.y  the  j;elatinc.  The  ex|H.'riments  of  HaNchek 
aiid  Liesepuijr  inveHtipitiiij.'  the  possil.le  sowinir  action  of  pre- 
cipitate a  read  V  in  the  ifelatine  iiave  shown  how  little  this  action 
needs  to  he  taken  into  acciint  in  the  formation  of  the  Liese- 
\HW)i  rinjfs.  The  .question  as  to  whether  this  isolation  of  ine- 
cipitated  jrraniiles  is  entiiely  .hie  to  the  action  of  the  gelatine 


li- 


I 
I 

I 

I 

I 
y 

I 
"P 


~> 


next  arises.     An  experiment  was  made  with  .liffnsion  of  silver 

into  a  chromate-heariiijr  gelatine  to  which  a  .-mall  a nut  of 

citric  acKl  had  heen  added.  No  l)anded  precipitate  was  formed 
l>ut  a  continuous  precipitate  in  the  colloi<lal  state.  That  is  to 
say.  i>y  increasing  the  concentration  o.  hvdrions  the  niimher  of 
iwints  at  which  precipitation  takes  place  had  I.een  increased 
tlie  size  of  the  particles  resulting  fr. 


am 


1  ,  ,       „„■    ,■;-..-- r-  •■"""  |"'ccipitation  had 

heeii  decreased.  (  I  he  <lefinition  of  a  colloid  suspension  hein-- 
tliat  the  particles  range  in  size  somewhere  hetweeii  the  limit'^ 
ot  •!/<  and  1/u/*  in  diameter.) 

In  the  case  where  thcclir. itesolution  is  ih'tfiisin.r  outward- 

till-  action  of  the  hydrioiis  appcii.-s  to  he  prevented  or  verv 
much  curtailed,  po.-sihiy  owing  to  the  pota-ioiis  present  Al-o 
in  the  ".-econdary"'  haiuls  of  the  silver  ditfu-ioii  this  action 
appears  to  have  I.een  prevented.  This  is  also  probahjv  due  to 
the  ".lommaiice      of  potas-ioii-  ivlativelv  to  the  hv.jrion.  in 


1(1 
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tlmt  imrf  ot  tin- ^..laHrir.     Ij,.,t..jr„njf  (!»i  1,„h  «|,„wri  li..w  L'ni.liial 

'•.■Hi-o  ot  liv,ln.,M>  |.rf^.iit  ill  n  Hiver  .liffiiMon  i^nii^t  ,.|,n,. 

iimti",  111  ^'f hitiiif,  rt'MilfM  ill  tl...  f,.iinatioii  ..f  l.r..,i,|,.i-  \m\>U 

I.  e..  ii..t  ..niv  i(i.-miM-K  tli.-  niiiiil.i.r  „i  .•entiTs  (.f  foriimti .r 

till-  |>m-i|>itutt'.  I.iit  .li^o  iiicifHscH  tlif  arua  ..vei-  wiiicli  tlK-»« 
iiiav  fitiiii. 

fii  a  cas«'  wlieiv  .litriiM'..i,  ..f  .iJvtT  from  n  .lioi.  ami  ..f  ..l,,..- 
iniiti'  from  a  line  diawn  an.im.l  tin-  .Irop  took  i./a.-f  tiuoiiL'h  a 
^|)a.•c  hvo  tro.ii  iH.tli  iea>.'t"iit..  tlif  tiist  i.rccipitnt..  .li.l  not  fT.rm 
at  tlio  point  wlifio  the  M.Iufions  tir^^t  mot.     The  hIvit  ditrii^iuii 

Kid.  fl. 


i«  <|.iitc  vi.ii.ie  as  tiicM-0  i.  a  clearly  marke.l  line  in  the  -eiatine 
at  the  outward  front  of  the  a.lvaiiein<r  solution.  The  tir>t 
formed  precipitate  was  situated  about  one  millimeter  within 
tins  line  1.  e.  nearer  the  center  of  the  silver  drop.  This  wouhl 
siijfgest  that  the  halo  which  surrounds  the  silver  ditfush.n  is  an 
area  in  which  the  concentration  is  I.elow  the  super-saturation 
Iwiundary.  ' 

i'iafe  of  I)if„s!nti  ,1  ControlUntj  Factor. 
Froni  the  forejr.nnjr  it  is  seen  that  the  explanation  otfere.l 
\\>  '  ?''^»)J  (-^P^'  P"i.'t;  1)  has  been  confirmed  hv  later  work.  IJv 
the  diffusion  outwards  of  the  silver  and  inwards  of  the  chr.,- 
iiiate  a  depletion  of  the  reservoirs  of  those  ions  takes  place 
I.  e.  the  ionic  cunccntration  is  jrradiiallj  reduced,  with  thJ 
les.ilt  tha  the  -ilver  ions  are  eiial.le<l  to  .lifTuse  to  a  -reater 
distance    before    t..e    precipitation    concentration    is    athiined 


Tl 
•I 


Wiifthmlf  /'rtriftihidoit.  17 

...rnnnm;;  tl..  .lUran..,  lM.tw..en\h..  I.un.l  ,.f  ^.r^\MnW. 

Kat..  .,t  .hffi.Mun  ,s  hUu  nt.  important  ta.-t..,-.  'vlu.-l!  )„„  not 
..■.•1,  u.von  atltM,n.jt..  .•..n.i.jeration  in  the  ,.a.t.  ('onsi-lninu' 
l.o  ..MM.  of  Miv..r  cl.ronm..,.  .h-poHifion.  tlu-  rate  of  <litr„.ion  ot 

M,...iUri  ,uintrm,.jr,var.Trl,antlmtortl...el.ron.aU..ol„tion. 
S..  flwi  ,  at..,-  1,..  tonnatiun  of  on.-  I.„n.|  ,|,o  ,i|v..r  inn>  i.as. 
tl.r-N^.I.   ,t  an.l  o„t«ai-.|  k-von.i  it.  or  continue,  onwar.l   f  on 


Ki.; 


F(., 


TiMf 

Diffiiti.iii  ..f  ~.\Ui-y  ,1 


1, 

xX   .A-N'o 

11. 

l.\    .\i;\() 

III. 

•-'N       .1,1 

1\". 

N        ,1,. 

V. 

\        ,|., 

iti.ct.'  M-llill-t    |Kltllv>illMi   (lil-i.lll.ltr. 

.In 
^     K.ClO,. 


tl.r.r   |M,<.t>..n   Ml    Inmt  ut    it.  ,„fun.  nuvriim- tl,..  .-l.r Mt-in,,^ 

wlu.i,  l,ave  not  v.t  ,to,,..,1   ,1...   f,,,.  ,,,,„.,..      At  h„-I,  p„i„t  a. 
iliu  ..•nn.-..ntratiun  is  1ho|,   H.onirl.  to  :;iv,.  lal.iK.  .-..n.liti,  ,„  ,„v 
-i;;'at,„„   ensn...     Th..  ,ii.ta.„.,.  of    ,l.i..   point    fn.L   tl,..        t 
toy,u.,l  l,a.,.l  n,n..t  tl,..,...tur.-  cK.p..n,i   np..,,  tl,o  rdativ,.  ,at,.>  o 
<lithi,-ioi,  ot  tl,...  two  M.lution..     TliUN  if  ofl,.,r  .|.ktM,.!,.;.,,_,  ,,.„. 
Am.  .Ioi.r.  .s,-,,_K,,niTii  Skhiks.  V.,,..  Xl.Ilf.  N„.  -iV^.-j^sv sn\" V"- 
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.liti..i,«.  ,i„.l,  H4  tfflntii.t.  (•..iw.,.|itr«ri..ti  iiimI  urii.Miiit  of  a.-i.l  „r 
..tlt.-r  M.liitc  pioirit.  ivniain  .-on.tant  fli.-  •li^tHiicr  Ixtw.-.n  the 

nii>:>  .1.  |K'mU  ii|h.ii  fh..  {..tiic  , ...itriifi.-n,  iin.l  aU„  ii.h,,,  tl„, 

iHativv  rati'.  ..i  .li»Tii.i..i,.      It  tl,„,  apixars  dutf  if  in  aiiv  mir- 
ti..iMli..iM.-im«.-it.  .li-tan.-..  Im-iw...!.  tlie  l.an.|,.liit.  f„  tii.'.,.(r.cr 

Hf  tl...  .iitr..r..n<-..  nf  nu.x.f  .litrii>i.,„  r.mi.l  l.iM-..iiriti.r.|.al„i I 

.V  an  .-miihI  ,.fr,..-t  in  tl |.|.o,it..  .Ii,r,tinn  .lii.^  to  n.n.TMtiM 

n.-r.-.  rlu-  -..a.-,-,  lM.fw,.eM  th..  Imh.l-  w.-nhl    r.inain  .Hn^tm.t 


I-'ii.  ». 


ftj  ^f  "• 


ii.. 


.litr. 


'.•m'~lml''!!!l"'   "*    """""'    '""'   "'"'"*■   "*""-'  l'"l:-'l'ii,i.l,r,.„,.,|.-,.f 


A-.it.'  >tnictniv  lia>lK'fn  a>cnl,r.|  f,,  th,.  t„nMuti..ii  ..t'  l.i,  „■■ 
.uan-- niiir'  l.v  .iilln-M.i:  .,f  -...luti,,!!-  tlu.Mi-li  -..|atinni,>  .ilj,.,, 
111.'  .  !-.<•,. V, TV  ul  -flat in.. u>  >ili,.a  i„  „  ,.;,vitv'  in  tlu'  Simplu,, 
tuim.-l  i>  „t  inn.r.-t  it.  tin-  (•..mu.-fi,.,,.  <  )„  ..Nainiiiin.'  cui  tain 
a-at.'>  tlu-  urit.'r  wa^  ^tnM•k  l,v  tii..  ta<-t  that  iiianx  uf  tin  t.i 
shew  l.alMl,  >r/nrh  ,n:  ../</,///// .v/z-Or./  an.!  lictat  -llrci-sivflv 
innva-in;:  <iistanci's.  a>  in  tiic  ui-.jinarv  IJocnran.r  ijn.r.s 

III.'  wr.t.T  (i,„.s  .i,,t  .•,,n>i,l,.r  that' a^^^t.-.  in  i?»-n,.n,|  ,„„  |„. 
Iicl.l  tu  Im-  |.r.Miu,T.i  l,v  tl.f  l.ifM-an-  reaction  ;'  ,.ut  ..f  a  laP-v 
"innlH.r  ivxani.ne.i  l.ut  v.tv  f,.«-  st-.-ni  to  l,e  uxi.li.-al.ie  ...iTv 
alunjr  tilt.,,,  lines,  l.v  far  the  irix'at.M-  nniniier  all..win.r  „f  uflu-V 
••.xplanatiun..  Kach  specimen  of  a-ate  needs  to  he  exainine.l 
I'v  it>elt.  tlie  IiKstorv  ot  each  one  hein-r.  "f  necessity,  a  separate 
entity,  an.l  only  coinparahle  xyitli  others  hy  an  accidental  repro- 
duction ut  a  similar  series  of  cyeiits. 


Ithllth, 


i/iifiltit, 


IK 


.-::tt'Si:.!l;':,^:r:';^;i;,';:;;;;:;,;;J,,;i';;V' ..■> 

A    »..i  t|„.  mIv.t  eliroinate,  »l,^„  f„r  .■.,.iilil,rii„.i 


•V«      =-•   k.V 


(I) 


k  will  viirv  uifli  tfrii|i.Tiifiin' 


Kl..    !t 


W   «,M>, 


l'ni.  !•.     Sii„|,|,.  ,liii„,j, 


'  r'lii-n.iiii. 


111  excess  ..!' 
i'-iirii  a  ciT. 


mIu,    .un>  are  ".loMuimnfa,,,!  tl,..  ..|u „„.,•„„ 

>:.Mn,nu„n|  >uv..r  H.roniut.-  Imv,.  1..,.,,  r.,„„^.., 
'am  spacr  .,„  ,.aH.  >i.|e  of  tl„-  l.an.l.  TI...  -IIn. 
;,''"':;'""".'       tl...   val,„.  A„  \.   lar-^.  e.,„.,,a.v,l    v.itl,  C     ..  n,,,, 

;:  ;::;i,!;:r;;f  :;:-i;:i:::,:rii-;;,;i!:^1:i 

niei.     1  or  tj,t.  puipust-s  ot  .iI8elI.s^lo^  ot  the  reaction  with  the 
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^)otas^siuln  cliromate  it  is  convenient  to  speak  of  the  silver  ions 
and  ehromat-ions,  l.ut  the  faet  shouhl  not  he  lost  si<rlit  of  that 
these  ions  do  not  diffuse  (w  isolated  entities,  hut  each  cliaijjed 
ion  must  lie  associated  with  a  char<;e  of  ei|iial  amount  and 
opposite  sign  Ixn-ne  hy  some  other  ion  or  ion.-. 

Suppose  that  the  concentrations  of  the  silver  and  chroniHte 
ions  at  the  planes  from  which  thev  be^rin  to  diffuse  are  a  an<l  c 
respectively,  that  the  rates  of  diffusion  arc  V.  and  V,..  and  that 


Ki(i.  1(1. 


N  F.,a^ 


N    NaOH 


TlM£         I'"  2  i 

I'm.  U).     Siiiip'e  (liffiisiiin. 

a  i)recipitatc  is  formed  at  some  jiluiie  I*  at  a  distaiicu  d  from  th<' 
orisrinal  silver  diffiiNinj;  front. 

Then  the  coMceiitrations  of  -ilvcrand  cliromate  ions  at  I'  are 

,1  '"""  I)-, I  'I'-l'^'ctivcly.  Hut  th("pr.Mlu<-r  ..f  these  two  is 
tlie  preeipitarion  value, -o  that  ,"V''''''  has  a  value  which  is 
susceptihie  of  measurement.  hecauM-  .\„.('„  -     k.X  .  (1) 

Assuming- that  the  distance  I)  remains  al.out  the  same  for 
two  or  three  consecutive  hands,  the  condition  for  the  forma- 
tion of  a  precipitate  is  from  i  1  ) 

V..V  .a.c    _        ,. 

d(I)  -  .!)  -    ^-^  •-) 

or,  >ince  X ,  and  \',  are  constants  for  ;,dveri  concentrations  and 
for  a  <riven  temperature,  the  relation  hetween  the   initial  co!i- 
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••entrations   a,    a„.l  ,-.  a.i.l    the   distance-,    l.etwoeu    s..e(V6,ivi- 
iiaiMls  IS  (tt  tlic  luriii 


<1(I)  -  .1)  =  K.ac     wla-ti'  K  is  a  (..iistaiit. 


^•0 


Itscvins  lefritimato  t..  assnnu'  that  I)  varies  very  sl.wiv  ..ver 
the  re-i..n  ueeupie.l  l.v  a  few  (•..iiseciitive  l.aii.l.-..  "  I„  tlijsi.,-ir 
enmstaiifes  the  variation  of  ,!  with  the  prudnet  ac  i>  exhil.ite.l 
jrra,.hicallv  ,n  f,i,.  .;,  the  eurve  l.einjr'  a  paral.oh,  having'  ,1 
niaxinmni  ordinate  at  d  =  I)  'i>.  wjien  ac  =    '/^'*. 

It  will  he  seen  from  this  enrve  that  as  tiie  .•..m-entrati,.h  pr..- 
«  net  a.(-  decreases,  the  distance  l.etween  successive  hands  will 
•liniinisli  or  increase  accord  inir  as  d  <ur     \f:>U.     If  the  con- 

••entration  prodnct  happen-  to  fake  the  value  '/'J*    the    l.ands 

willl.ee,,nally  spaced:  otherwise  thev  will  I.,-  spaced  at 
dnmnishinir  ..r  mcreasinir  distanc.s  acurdin-  as  the  rate  .d' 
variation  ot  a.c  with  d  is  positive  or  ncative  ' 

l;or  most  cases  of  outward  diffusion  of  a  strong-  solution 
apmst  a  weak  solution  d>l/i'I)  so  that  the  nsual  result  is  that 
the  ham  s  are  formed  at  successively  i.icrea>in;r  distances  apart. 
•An  illustration  .d  this  is  seen  in  the  inner  part  of  11-  ]  The 
outer  part  of  the  same  fi^nre  illustrates  e.pial  spachiir  of  the 
l'and>.  which  ,8  only  rarely  ol.tained.  An  examole  of  the  third 
•Mse.  wliere  the  hands  hecome  snccessivelv  closer,  i-  di-ciH-ed 
I'clow.     (See  paL'e  24. )  '  ■■  ■  i  i 

In  some  of  the  experiments  descrihed  ahove  measurements 
ot  distances  of  .iilhision  were  made  over  an  extended  period, 
the  results  hem-r  plotted  in  the  form  of  curves,  with  times  as 
H  .scissa^.  and  <l.stances  as  ordii.at..s.  These  curves  hrin-  out 
-  early  the  way  in  winch  ditfusion  is  prevented  hv  approach  of 
he  molecular  concentrations  of  the  two  reaciiui;  solutions 
..ward   the  same  point.     They  also  show  that  in ' those  .-asc-s 

.     r'„  n'  '''*I"-^"".'  l"r'^'^''l^^  ™l'i'".v  'it  ti'-st  there  js  a  remark- 
■•I.U  >nd<len  drop  in  the  rate  ui  ,litfusi,,n.  ami   that  this  dn.p 

<--oincides  with  an  almost  uniform  distance  of  ditfusion.     S e 

of  these  curves  are  repr..duced  in  ti-s.  7  and  1l'.  A  compari 
son  with  fijrnre  VI  appears  to  indicate  that  the  Hat  portions  uf 
the  upper  curves  in  tijr„re  7  are  due  to  a  clian^re  i„  th-  vis- 
cosity ot  the  gelatine. 

A    coinparison  of    the  curves  fur  silver  ami  lead  solutions 

TuA      I  ■  r'!-.r    *^""^'r"f''"'^'"-  "C   Hiromaf.  solution  shows 
that  the  lea.   dilfnses  the  more  slowlv.     This  is  i„  a-rreement 

KoiltinlT      '^        '""'"  "^  '"*^"''""  "^  '''^'  "'^^''  ^»'"^'""  '■'  l'"''e 
I-'f-'in  this  a  consideration  of  the  possihility  that  the  speed  of 
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Fni.  11.     SiniiilediffuBion  of  silver  nitrntc 
of  different  Htreiigtlis. 
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Fig.  12.     Reaction  4N  AgNO,  /  .;^  K^CrO, 

in  gelantineB  of  different  Htrengths.    I 
I.     10  srs.  gelatine  ill  53-5  ce.  of  * 

gelatine  solntion. 
11.        flo  171  Cf.         do 

in.        do  371  ce.         do 
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tlie  lead  nitiate  solution  in  jrelatitic  mav  he  less  tlian  that  of 
the  potassinni  chroinate  solution  led  to  "a  incasnienient  of  the 
rates  of  diffusion  of  several  solutions,  in  pure  j,'elatine.     Well- 
wasiied  {felatiiie  was  place.l  on  glass  plates,  allowed  to  set.  and 
drops  of  different   reaj,'ents  of  different  strenjiths   were  placed 
upon  them.    The  reagents  diffused  outwards.    In  some  eases,  e  " 
sdver  nitrate,  lead  idtrate,  ferric  chloride,  and  sodium  hydroxide, 
the  diffnsinj:  solution  had  a  clearly  visible  outline  in  "the  <rela- 
tine,  which  is  susceptihle  of  measurement.     The  ineasMreurenfs 
were  made  as  before,  hy  means  of  a  millimeter  scale,  estimat 
ing  to  tenths  of  a  millimeter,  takinj;  care  to  eliminate  parallax 
Ihe.liameterof  the  drop  was  taken  and  the  diameter  of  rlie 
cn-ele  of  diffusion  (in  the  case  of  the  pre.-ipitates  al.ove.  to  the 
outer  limits  of   the    precipitates).     Siil.tractin<r  the   diauhter 
ot  the  drop  from  t"  u  total  diameteis  of  diffusion,  and  dividiii-.- 
I.v  two  the  nidiu-of  diffusion  is  ol.tained.     It  is  the  rate  o? 
elon,i;ation  of  this  radius  which  has  Keen  measured  and  plotted 
.md  \yhieh  is  called  the  radius  of  diffusion  here.     The  .  'iromatJ 
solutions  did  n(»t  irive  a  diffusinir  front  which  was  elearlv  visi- 
l.le  and  susce|)til)le  of  easy  measurement.     The  vellow'  color 
due  to  the  chroniat-ions  hecame  ,i,'ra<liiiillv  fainter  awav  fi-,.m 
the  drop,  coinin<r  to  an  iinlistiiict  and  diffuse  maririn.    'There- 
tore,  in  the  curves  ;riven  in  tij;.  l»  those  for  the  cl'"romate  solu- 
fions   are  dotted,  since   they  are  not  as  reliable  as  the  other 
curves. 

The  curves  (see  tif,'s.  ft,  lo,  11^  .^how  that  a  stronsr  soluti(.n 
-•t  aiiy  reajrent  diffn.ses  at  a  irreater  rate  than  a  weaker  solution 
ot  Mic  :,ame.  They  show  that  silver  nitrate  diffuses  more 
rapidly  than  potassium  chroinate  solutions  of  the  same  molec- 
ular concentrations.  (The  erossinf;  (.f  the  silver  and  chroinate 
curves  cannot  be  reirarded  as  established,  for  the  reason  stated 
above.  Also  the  apparent  straijjht  lines  (d'  the  chroinate  curves 
cannot  be  considere.i  liiial  determinations.  The  sudden  stop- 
pa^'e  api>ears  to  be  correct,  tlioUi,di  this  mav  be  due  to  invisi- 
bility ot  the  chromat-ion  below  a  certai'n  <lilution.)  It  is 
eertain  that  the  lead  nitrate  solutions  diffu!tc  more  sh.wlv  than 
the  potassium  chroinate  solutions  of  wpial  molecular  strengths 

It  was  considered  that  this  pair  of  ivajrents,  the  lead  in' out- 
warcl,  tlie  chroinate  in  inward  diffusion,  offered  a  -'ood  chance 
ot  testing  the  theory  that  with  such  a  couple  bands  of  precipi- 
tate nii^dit  be  formed  which  would  become  closer  to-'cther  out- 
wards, instead  of  farther  ai)art.  Several  different  sn-eiLrths  of 
these  reajrents  were  tried  against  each  other,  the  preci^.itates 
torined  being  apparently  continuous  to  the  naked  eve  In  the 
case  ot  normal  lead  nitrate  against  .N720<(  potassium  chroinate  an 
apparently  coh^.!,.,..;-,.  precipitate  was  formed.  The  hand  lens 
showed   no   banding,  but    under  the   microscope  the   de^red 
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rosnlt  was  observed.  Toward  tlie  outer  part  of  the  |>reci|)itate 
a  very  tine  Imiuliiij;  was  .seen  and  tlie  hands  wereclu-ir  tojiotlier 
out  will  tin.  An  attempt  to  re|>rodu(!e  fliis  wa.s  not  siiefe>st'ul. 
owinjr  to  different  iivjjroseopie  character  of  the  atrno-phere. 
hut  a  recent  paper  hy  Hradford  (10)  descril)es  an  experiment  in 
whicli  the  diffusion  of  N/.')  lead  nitrate  a<;aiust  N/lO  pota-,-ium 
ciiromate,  in  a  apir  jreh  j^ave  rise  to  iiands  of  precipitate  wliicii 
hecame  more  cloxilif  s/mfrd  hi  tin  liit<  r  d, jmixHiiI  litifirtf.     Tlie 

first  eif^ht  hands  were   l-l.V apart,  the  ninth  one 'hein<r  •!•'""' 

from  the  eij,'hth.     Xo  chromate  wa>  left  hetwcen  the  i)an(is. 

Tiie  same  strenijths  of  leatl  nitrate  and  potassium  chromate 
used  hy  |{i-adford  were  tried  in  gelatine.  Tiirce  •;elatine  hivcrs 
were  placed  in  a  test-tnlie.  the  lower  one  heinj;  a  N/lt"  dilution 
of  potas.sium  chromati-.  the  mid<lle  layer  l>eini;  clear  uelatine. 
:.iid  tiie  upper  one  a  X/">  solution  of  lead  nitrate.  Another 
test-tuhe  was  prepared  with  the  same  .solutions  reversed,  the 
lower  one  l)einf^  lead  nitrate  and  the  upper  one  pota»iun: 
chromate.  In  hoth  eases  the  chromate  .olution  ditfuseil  tin- 
more  ra|)idly  so  that  tiie  first  formed  pri-cipifate  wa.-  nearer  to 
thestartini,'  point  of  the  lead  solution  than  to  that  of  the  chrom- 
ate solution,  while  in  iioth  cases  the  later  formed  j)rei'ipitate 
was  on  the  side  remote  fiom  the  lead  solution.  With  the 
chromate  solution  ahove  the  ])recipitate  wa>  a  continuous  lrla^■^. 
l)ut  wiien  the  lead  solution  wa.s  above  the  precipitate  was 
formed  in  haiuls,  which  became  closer  and  closer  to<;ethei',  pass- 
iui;  into  a  continuous  mass.  These  experiments  were  lepeated 
with  the  same  results.  This  illustrate-  a  controllinjr  effect  of 
gravity,  which  does  not  come  into  play  when  the  ditfu>ioii 
takes  place  horizontally,  a-  in  the  j:lass  piatc  experiment.-. 

MiHcellom  oiix  /Jijf'iinions. 

In  comparinjr  the  rates  of  diffusion  of  ferric  chloride  and 
sodium  hydroxide  the  observation  wan  made  that  ferric  chloride 
jiossesses  in  a  marked  (k\<;rce  the  property  of  indiu'iiiir  coagula- 
tion in  jT'datine,  a  projjcrty  possessed  by  silver  and  lead  nitrate 
solutions  in  a  much  smaller  <le;ii'ee.  This  coajrulant  pro|H'rtv 
of  ferric  chloride  is  well  known.  In  compariui,'  the  rates  of 
iliffusion  of  the  two  reai;ents  it  was  found,  contrary  to  expecta- 
tion, that  the  sodium  hydroxide  dilTuses  much  more  -lowly 
than  ferric  chloride.  (See  fi<;.  10.)  J5ut  the  diffusion  of  the 
sodium  hydroxide  is  not  a  .'~-imi)le  case  of  diffusion.  A  reaction 
takes  place  with  the  jxelatine,  and  this  is  at  once  apparent  in 
the  unexpected  nature  of  the  curve. 

Diffusion  of  normal  ferric  chloride  a<^ainst  X/lOO  and  X/i^ou 
sodium  hydroxide — stronsrer  solutions  jn'cvent  the  settiui;  of 
the  gelatine)— <,'ave  a  colloidal  precipitate  of  ferric  liydroxide. 


lilnjthiii  if  I'l'ii'ipitntloii. 


•2b 


Tliis  is  (iiirrournlt'(l  liy  u  broad  flcur  zone  niarkccl  liy  a  clcaiiy 
vi>il)lu  circuiiiferi'iitial  line.  Tiu-  nature  of  tliis  zone  is  un- 
known, at  prcst'iit. 

A  si't  of  nini'  (iiiFii.-ions  was  carried  ont  witii  ."iN.  2\  and  N 
potaxsi'ini  iodide  ajrainst  N/l'».  .\/4o  and  X/'^"'  lead  nitrate, 
and  anotlier  set  of  nine  with  'JN.  N.  and  N/:i  leaii  nitrate 
against  N/'J<»,  N/4t»  and  S/so  |)otassinni  iodide.  I'roiialdy 
owinir  to  flie  state  of  tlie  irelatiiie  (not  tlioronirldy  free  from 
aeidi  tlie  precipitates  were  colloidal  and  not  vi.iililv  lianded 
except  in  the  easi's  of  "JN  ami  N  |iota-Mum  iodide  against  X  'in 
lead  nitrate,  which  showed  fiiu;  riiiLis  fo  microscopical  examina- 
tion. They  all  showed  tiiat  i  ■  ditfu>ion  proceeds  more 
ra|)idly  with  ijreater  ditfereni-i^  i!  <-oncentrations  of  the  two 
reii;{ents  and  all  showed  a  hmad  mdetinite  hand  around  the 
drop  in  which  tin;  precipitate  was  thinrur,  and  a  hroad  hand 
on  the  outside  of  it  in  which  the  precipitate  was  thicker.  Tlii- 
was  especially  marked  in  the  cases  where  |)otassiuiri  iodidi^  \va> 
the  din'n«iwLr  I'caj^ent  (the  one  in  tin-  drop).  It  was  found  that 
-"veral  of  ihe.-e  plates  developed  a  handed  structure  imme- 
..  -tely  upon  heinif  immersed  in  a  solution  of  sodium  h\droxide, 
•.*lncli  was  used  to  clean  the  plates  after  they  had  drieil.  Thus, 
altliou<;li  the  ])recipitate  is  pi-esent  in  colloidal  form  it  is 
arranged  in  layers  or  Itands,  thonjjh  these  are  invisihle  until 
some  such  reaction  as  that  descrilied  allows  theii-  presence. 

J'ljf'ect  of  lUffirmt   (ithilini    <  'oininffiitioii. 

The  I'eaetion  4X  -ilver  nitrate  ajraiust  X,  •Ji"n  potas>ium 
chrouuite  was  carried  out  in  i;elatini'  of  difi'ereiit  streiiiiths, 
ohtained  hy  dilution  of  the  one  stock.  IJinifs  were  formed, 
and  the  rates  of  difTusion  were  measured.  The  plot  of  tho>e 
results  coiiHruis  the  ri-sult  of  Jlan>manii  (loc.  cit. i  that  increase 
of  the  jrelatine  concentration  retards  the  diffusion. 

The  curves  are  almost  parallel  an('  'I,e  rates  ditTer>o  >li  htly 
that  the  curves  only  heijin  to  diverj;e  very  sliirhtly  towai  the 
rii^lit.     The  measurements  lecorded   in  these  curves  :  \ 

rouirli.   liMt  they  suirjrest  that  nu)re  careful  mea>ni'einei  iv 

he  alile  to  detect  a  numerical  relation  hetween  the  coui  ,ira- 
tion  of  the  jrelatine  and  the  amount  of  retardation. 


iSiniihutri/  iiiiif  ('(inctn.tloiis. 

After  irivinj;  a  historical  account  of  the  work  of  earlier  writ- 
ers, the  i-esults  (d'  certain  exix-riments  are  jjiven,  the  main 
IHtints  of  whicii  uuiy  he  sinnnuirized  as  follow>  : 

1.  The  rate  of  diffusion  of  a  reai^ent  of  j^iven  streii<;tli  is 
retarded  hy  increasing  that  of  the  reajrent  in  the  p-latine. 
Also,  tlie  total  distance  to  which  diffusion  takes  place  is  de- 
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emise.l  l.v  a  >iiiiiliir  in.Mvu,e  ..f  >treii;;tli  ..f  tlie  rea-.Mit  in  the 
^I'lai  MIC. 

•i.    With    to.,    close    a|)|.r<.iieh   ..f  tlic  c.iriecntiatii.iis  ..t'   the 

two  min;i,.iils.  Hlseiiiitratf  aii.l  |...tassiiiin  chi latc.a  .•..ntiiiiinii- 

|>iv.-i|.itate  i>  ionnt-l,  hiit  iiii.lt.r  the  iiiicn.-e..|i<',  tlic  Mirface  ..f 

this  IS  >e.'ii   t..   1.,.  tiiu'lv  l.aii.leil.     Tlii>r  tin.-  haii.ls  fnlh.w  th.^ 

saiMf  nih>  as  ivirar.ls  spaciiii:  as  are  fouii.l  with  the  sei.arate' 
hainls.  ' 

.'!.   SepaiMte.!    I.aiiils  are   hest   |.r...hice.l   l,v  tli.'  .lifTii-i..ii  ,.t'  a 

stn.iijr  silver  >..liiti..ii  airaiiist  a  w.'ak  elii mte  sohitiun.     ,  K,,,' 

..ther  reapiit>.  the-.!  (•,.ii.liti..ii,  mav  ii..t  he  miiver-al  i 

♦  .  Similar  re>nll-  are  ..l-taiii.'.l"  hv  .liir.i>i,.ii  ,>f  a  -tn-ie' 
elir..iiiale  s,.|iiti..ti  a-ai-ist  a  w.^ak  ,ilver  s.,liiti..ii.  Hut  the 
particles  toriiied  are  l.iri^er  in  tlii-ca>e. 

.'..    Iiiereas,.   in   .|i-taii.'e   I.efw.'.Mi    l.an.l-   ha>   I.eeii  hrl.l  t..  !..■ 

line  t..  |.r.,i:res,ive  .lihiti f  the  ivair-nts.      \\-aW  ..f  .litlii-i,.M 

!s  shown  t..  he  an  iin|M,rtant  eontn.lliiii.  factur.  an. I  that  nn.l.-r 
certain  .■..n.litiuii-  th.'  haii.ls  niav  he  e,,uallv  .|.a.-,M|.  ,„•  niav  he 
s|)ae...l  at  .liM-reasin-  .listanee-.      Tlie>.'  .•.,n.liti..iis  ai..  .li-.Mi-M..| 

•',  ih.-  rat.-  .,f  .liini>i.,n  ..f  .liir.Mrnt  rea-eiit-  in  i.miv  -ela- 
tin.;  aiv  toun.l  t.>  .lilh'r;  thii-  p.-tassimii  chn.'inate  .lilVii-.-  more 
ra|M.||.v  than  a  l.'a.l  nitrate  v.liiti..n  ..f  the  same  niohciiiar  .•on- 
.•(■ntratK.n.  an^l  a  -ilver  nitrate  s..hiti,,u  more  rapMlv  than  a 
['..fasMiim  .•iiromat.'  >..liiti..n.  Als...  a  stn.iii;  s..liiti.'.n  ..f  anv 
.-;i\eii  reajreni  .litVuse-  nu>re  rapi-llv  than  a  weak  s.,|iiti..n 
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